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subject to $x\in X=\{x\in R^{n}|g(x)\leq 0\}$
, $x=(x_{1,2,\ldots,n}Xx)$ ( $n$ , $f(x)=(f1(X), f_{2}(X),$ $\cdots,$ $f_{m}(x))$ $m$
, $g(x)=(g_{1}(X), g2(X),$ $\cdots,$ $g_{k}(x))$ ( $k$ .






Pareto $x^{*}(\in X)$ , .
$f(x)\leq f(x^{*})$ $x\in X$ .
, , .
$f\leq f^{*}$ $\Leftrightarrow$ $\forall if_{i}\leq f_{i}^{*}$
$f\leq f^{*}$ $\Leftrightarrow$ $\forall if_{i}\leq f_{i}^{*}$ and $\exists jf_{j}<f_{j}^{*}$
$f<f^{*}$ $\Leftrightarrow$ $\forall if_{i}<f_{i^{*}}$
3 Simplex
Simplex , $R^{n}$ ,
, , –
. , $f(x)$ .
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$R^{n}$ $(n+1)$ ( ) , $x^{i}\in R^{n}(i=1,2, \ldots, n+1)$
, $U=\{x^{i}\}$ . $f$ $x^{l},$ $f$




$x^{S}$ $=$ $\arg\max f(X^{i})i\neq h$
, $x^{h}$ .
$x^{0}= \frac{1}{n}\sum_{i\neq h}x^{i}$
, . ( 1 )
(reflection) $x^{h}$ $x^{0}$ $x^{r}$
$x^{r}=(1+\alpha)x-0\alpha xh$ , $(\alpha>0)$
(expansion) $x^{h}$ $x^{e}$
$x^{e}=\gamma x^{r}+(1-\gamma)_{X^{0}}$ $(\gamma>1)$





1: Simplex 2: Simplex
Simplex , $f(x^{r})$ 2 .
, $f(x^{r})$ $x^{l}$ , 2 $x^{s}$
$x^{h}$ $x^{r}$ , $x^{h}$ $x^{h}$ $x^{r}$ , $x^{h}$
.

























, $U$ , .
, .
$\sqrt{\frac{1}{n+1}\sum_{i}(f(x^{i})-f^{0})^{2}}\leq\epsilon$ , $f^{0}= \frac{1}{n+1}\sum f(_{X^{i})}i$
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Vector Simplex , $U$ 1 $\text{ }$ , Pareto
. , $U$ $n+1$ , $n+1$ , ,
, , $U$ $n+1$ .
– – ,
U $U^{h}$ , $2$
$U^{\epsilon}$ , $U^{h}$
Pareto .
$U^{l}$ $=$ {$x^{l}\in U|f(x)\leq f(x^{l})$ x\in U }
$U^{h}$ $=$ {$x^{h}\in U|f(x^{h})\leq f(x)$ x\in U--U\iota }
$U^{\epsilon}$ $=$ $U-U^{l}-U^{h}$
Vector Simplex 3 , .
1.
$U$ 1 $x_{1}$ ( )Dl . $D_{1}$
$d$, $m$ . $D_{1}$ $d$ $D_{1}^{j},$ $j=1,2,$ $\cdots,$ $d$
$\mathfrak{D}$ . , $(d, m)$ 2. ,
$U$ Pareto .
2.
$D_{1}^{j}$ . 1 $x_{1}$ $D_{1}^{j}$ $U$ $x$ $i$
$D_{\dot{l}}^{j},$ $i=2,$ $\cdots,$ $n$ . , $D^{j}=D_{1}^{j}\cross D_{2}^{j}\cross\cdots\cross D_{n}^{j}$ . $D^{j}$ $m$





$U$ $U^{l},$ $U^{h},$ $U^{\epsilon}$ . $U^{h}=\emptyset$ 2. .
4.
$U^{h}$ 1 $x^{h}$ , $(U-\{x^{h}\})\cap D^{j}$ $n$ $U^{0}$
. $n+1$ .
5.
$x^{r}$ . $f(x^{r})$ .
6.
$U^{l}$ $x^{r}$ ( $f(x^{r})\leq f(x)$ $x\in U^{l}$ ) ,
$x^{e}$ . $U^{l}$ $x^{e}$ , $x^{h}$ $x^{e}$ , $x^{h}$
$x^{r}$ . , $x^{h}$ $U^{l}$ , .
7.
$x^{r}$ $U^{l}$ ( $f(x)\leq f(x^{r})$ $x\in U^{l}$ ), , $U^{\epsilon}$
( $f(x^{r})\leqq f(x)$ $x\in U^{\mathit{8}}$ ) , $x^{h}$ $x^{r}$ . ,
$x^{h}$ $U^{l}$ $U^{s}$ .
8.
$U^{h}$ $x^{r}$ , $x^{h}$ . $x^{r}$ . , $x^{h}$ $U^{s}$
$(*)$ .
$x^{c}$ . $x^{c}$ $x^{h}$ ( , $f(x)\leq f(x^{c})$ $x\in U^{l}$
\searrow , $f(x^{c})\leq f(x)$ $x\in U^{h}$ ) , $x^{h}$ $x^{c}$ .
, $x^{h}$ $U^{l}$ $U^{s}$ .
9.
$x^{c}$ $x^{h}$ , . 1
, $x^{h}$ $U^{l}$ . $U^{h}$ $x^{h}$ , $U^{l}$ $f(x^{l})\leq f(x^{h})$
$x^{l}$ . $(*)$ , $x^{h}$ $U^{\epsilon}$ , $x^{l}$
. $x^{l}$ 1 , 1 . ,
$U^{h}$ , $U^{l}$ $U^{s}$ \searrow $U^{l}$ .
10. 3.
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, Vector Simplex , Simplex $X^{\iota},$ $X^{\epsilon},$ $x^{h}$ $U^{l},$ $U^{\epsilon}$ ,
$U^{h}$ . $\mathrm{C}$ .
vector-simplex $(U)$
$\{$
for $(s=1;s\leq S_{\max} ; s++)$ $\{$
$(d,m)=\xi(s)$ ;
$D_{1}=U$ $x_{1}$ ;
$D_{1}^{j}=$ $D_{1}$ $d$ $(j=1,2, \cdots, d)$ ;
for $(j=1;j\leq d;j++)$ $\{$
$D_{i}^{j}=U$ $x$ $i$ $x_{i}$ ( , $x_{1}\in D_{1}^{j},$ $i=2,$ $\cdots,$ $n$ )
$D^{j}=D_{1}^{j}\cross D_{2}^{j}\cross\cdot.$ . $\cross D_{n}^{\mathrm{j}}$ ;











$U^{0}=(U-\{x^{h}\})\cap D$ $n$ ;
$x^{0}=U^{0}$ ;
$x^{r}=(1+\alpha)x^{0h}-\alpha x$ ;
if ( $f(x)\geq f(x^{r})$ $x\in U^{l}$ ) $\{$
$X^{e_{=\gamma x}r}+(1-\gamma)X^{0}.\cdot$





else if ( $f(x)\leq f(x^{r})$ $x\in U^{l}$ or
$f(x)\geqq f(xr)$ $x\in U^{s}$ )
$x^{h}=x^{r}.\cdot$
else $\{$
if ( $f(x)\geq f(x^{r})$ $x\in U^{h}$ ) $x^{h}=x^{r}$ ;
$x^{c}=\beta X^{h}+(1-\beta)x^{0}$ ;
if ( $f(x)\leq f(x^{c})$ $x\in U^{l}$ or
$f(x)\geq f(x^{\mathrm{C}})$ $x\in U^{h}$ )
$x^{h}=x^{C}$ ;
else $\{$
$x^{l}\in\{x\in U^{l}|f(x)\leq f(x^{h})\}$ ;
$x^{h}=(x^{hl}+x)/2$ ;
$\}\}\}\}$
, vectorsimplex $U$ , $m$ , $S_{\max}$
, $\xi(s)$ $s$ $d$ $m$ .
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5Vector Simplex ,
. , Vector Simplex , $S_{\max}=3,$ $\xi(1)=(1,0),$ $\xi(2)=$
$(10,10),$ $\xi(3)=(20,10),$ $\alpha=1,$ $\beta=0.5,$ $\gamma=2$ .
1minimize $f1,$ $f_{2}$
$f_{1}(x)=x_{1}^{2}+x_{2}^{2},$ $f_{2}(x)=(x_{1}-1)^{2}+(x_{2}-1)^{2}$
$U$ 4 50 , 1
4- 5 .
$(f_{1}, f_{2})$ , $(x_{1}, x_{2})$ , Pareto , Vector
Simplex 1 $U$ ( ). , Pareto
, 1 Pareto , $\{(x_{1},x_{2})|X1=x_{2},0\leq$
$x_{1},$ $x_{2}\leq 1\}$ , .
2 , U 10 , 10 U .
fi $l^{_{\neg^{arrow}}}.’\backslash 1-$ . ‘) - 7- 8 $+_{-}$
$U$ 1 , Pareto . 3 , $U$
20 , 10 $U$ . 9 , 10, 11
. 10, 11 , $\text{ }$ Pareto .
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6, 1 Simplex Pareto ,
Vector Simplex .
. , $f(x)$
$w=$ $(w_{1}, \cdots , w_{m})$ $f(x)$ .
$f(x)= \sum^{m}wifi=1i(X)$ $w:\geq 0,$ $i=1,$ $\cdots,$ $m,$ $\sum_{i=1}^{m}w_{i}=1$ .
1 .
1: Vector Simplex Simplex
, 1st, 2nd, 3rd Vector Simplex , Simplex +Simplex ( Simplex
) , , , /
1 , $|x_{1}-x_{2}|$ , $-x_{2}|$
.
1 , Vector Simplex Simplex , 1
. , Vector Simplex
$m$ Pareto
.
, 1 $f_{2}(x)$ 10 Vector Simplex
Simplex . , 1 $-$ .
2 minimize $f1,$ $f_{2}$
$f1(x)=x_{1}^{2}+x_{2}^{2},$ $f_{2}(x)=10\{(x1-1)^{2}+(x_{2}-1)^{2}\}$
Vector Simplex 12, 13 , Simplex 14, 15
.
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12: Vector Simplex fi–f2 13: Vector Simplex $x_{1}-x_{\mathit{2}}$
14: Simplex fi–f2 15: Simplex $x_{1}-x_{2}$
12-15 , Vector Simplex 1 . - , Simplex
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